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The solid inner core of the Earth has been growing for approximately one 
billion years due to cooling of the Earth.The changing spherical shell geometry of 
the Earth's core is likely to influence on the geodynamo driven by convective 
motions in the fluid outer core.To understand the geometry effect on the dynamo 
regime through evolution of the core, we perform numerical simulations of 
geodynamo with three spherical shell radius ratios: ri/ro = 0.15, 0.25, and 0.35, 
where ri and ro are the inner and outer core radii, respectively. To evaluate the 
morphology of the magnetic field, we examine two indices about dipole component 
dominance: (i) fdip, dipolarity used to assess the relative strength of the dipole 
field at the core surface in numerical dynamo models, and (ii) fmag_fit, the ratio of 
magnetic energy density for the dipole component to that extrapolated from the 
magnetic power spectrum for the high degree components. We investigate the 
field morphology estimated from fdip and fmag_fit, and find that fmag_fit is valid to 
determine the dynamo regime, even if fdip suggests a transition regime between 
dipolar and non-dipolar dominance. We also investigate the range of the Rayleigh 
number for sustained dynamos based on both fdip and fmag_fit, and find that the 
range of the Rayleigh number for the dynamo characterized by the strong dipole 
field becomes narrower for the smaller inner core. The fdip-dependences on the 
Rayleigh number obtained for ri/ro = 0.25, and 0.35 are similar to each other, 
whereas the fmag_fit -dependence for ri/ro = 0.35 is found to be relatively larger 
than that for ri/ro = 0.25. On the other hand, small values of fdip and fmag_fit for 
ri/ro = 0.15 suggest that the dynamo regime is characterized not only by the 
dipolar dominance but by non-dipolar dominance. These results indicate that 
changes in the spherical shell radius ratio largely influence on the dynamo regime 
in numerical dynamos with the fixed temperature boundary condition. 
We also perform numerical dynamo simulations with five different heat 
flow rates: Qi/Qo = 0, 0.25, 0.5, 0.75, and 1, where Qi and Qo are the heat flow at 
the inner core boundary (ICB) and the core-mantle boundary (CMB), respectively, 
to understand dynamos in which the outer core lets heat escape from the CMB to 
the mantle. The kinetic energy basically becomes large with increasing Ra/Racrit, 
which is the Rayleigh number normalized by the critical Rayleigh number Racrit. 
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The simulation results reveal the similar behavior of the dynamo action to the 
change of Ra/Racrit in the range of Qi/Qo ≧ 0.5. While the dynamo regime cannot 
be determined only based on fdip, which decreases gradually with increasing Ra, 
the use of fmag_fit enables us to determine the dynamo regime clearly and 
quantitatively. These tendencies are the same as we find in the FT cases at ri/ro = 
0.25 and 0.35. Based on the simulation results and related discussion, in the 
range of Qi/Qo ≧ 0.5, we conclude that the dynamo regime is determined by 

































近い形状 (半径比 0.25 および 0.35)では、臨界レイリー数は内核側・マントル側の各境界におけ
る熱流量の比に依存しないのに対し、内核外核半径比が 0.15 の場合には、内核側境界における熱
流量が小さいほど臨界レイリーが小さくなることを明らかとした。球殻が厚くなるほど相対的に
熱対流が生じやすくなることを示すこの成果は、回転球殻における対流の不安定性という基礎物
理に関して重要な示唆を与えることとなった。 
本論文の主たる成果は、これまでに国内外の学会・研究会で公表され、本人主著の学術論文と
して 1 編を投稿済みである。これらは論文提出者が自立して研究活動を行うに必要な高度の研究
能力と学識を有することを示している。したがって、西田有輝提出の博士論文は、博士（理学）
の学位論文として合格と認める。 
